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Samples ZGW 1-12 Catchment Denudation 
10Rates (based on Be) Samples ZCE 01-06
Sediment Erosion





























Surface Exposure Dating SED
Valley Floor Strath Terraces Recent fluvial bedrock erosion rates
Vertical Peak Walls Recent wall retreat reates
Peak Wall Tops Recent downwearing rates
Detrital TCNs
Bedload in sub-catchments Impact of local-scale lithology, topography, landuse
Bedload at catchment outlet Long-term catchment-wide denudation rate
Geographic Information System GIS
DEM based estimation of erosional volume Total volume of erosion 
Field based estimation of storage Total volume of stored sediment
1. Can we use SED to estimate vertical wall retreat? - Cross-comparison between 5 samples provides an assessment of small-
10scale variability of Be concentrations as a base for interpreting the type and intensity of active weathering and mass-
wasting along these vertical walls. 
2. How representative are catchment-wide denudation rates? - Are there measurable differences between catchments of 
different lithology, relief and landuse? And if yes, what does this tell us about long-term processes of weathering, 
erosion, storage, and sediment transport? 
3. How do the inferred timescales of wall retreat, bedrock incision and longer-term denudation rate cross-compare? - Are 
modern condition in any way representative for the long-term evolution of this landscape?
4. Can erosion and/or denudation rates account for the total volume of erosion over 1 Ma? - If our results underestimate the 
total volume of erosion observed in the catchment, then the Zhangjiajie landscape has either (i) formed over longer-
timescales than previously thought, or (ii) erosional processes have significantly slowed down over time - as would be 
expected for a scenario of intense and joint-controlled pre-weathering.
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A - Background Sandstone landscapes around the 
globe exhibit a surprising variety in terms of their 
landforms and formative processes (Young et al. 
2009). Ultimately, this reflects the wide range of 
geomorphic controls that dominate on regional 
scales, such as lithology, physical and chemical 
weathering, tectonics, and climate. In Zhangjiajie 
Geopark (Hunan - China, Fig.1), a unique landscape 
has developed in Devonian sandstone over an area 
2of ~400 km  (Fig. 2) which is characterized by more 
than 3000 vertical sandstone pillars, peaks and walls 
of up to 350 m height (Yang et al. 2011a; Fig. 3 a-d).
C - Interpretation and Outcome In combination with a GIS-based assessment 
of sediment volumes stored in and eroded from the catchment, four crucial 
questions will be addressed (Tab. 2). Our results will thus contribute to an 
improved understanding of timescales and controls responsible for the 
development of the distinct sandstone landforms at Zhangjiajie, and elucidate the 
relative roles of fluvial, mass-wasting, and weathering processes in the longer-
term and late Quaternary formation of this landscape.
B - Problem and Approach Deep weathering 
(facilitated by the uniform sandstone lithology) 
along a densely spaced joint pattern, and uplift 
have been suggested as major pre-requisites 
for the formation and preservation of the 
landforms (e.g. Busche et al. 2005). Whereas no 
information is available on the shorter-term 
evolution of the vertical sandstone walls, peaks 
and pillars, the initiation of uplift ~1 Ma ago and 
subsequent stepwise evolution of the landscape 
has been inferred from cave and alluvial 
sediments (Yang et al. 2011c). Here, we aim to 
test this scenario by applying a catchment-wide 
approach, which combines (i) quantifying 
erosional volumes within a GIS, and (ii) using 
Be10  based terrestrial cosmogenic nuclide (TCN) 
techniques (Fig. 4, Tab. 1):
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